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Abstract of CN1 289867 

A hot liquid method for growing monocrystal of gallium mitride features that the monocrystal of 
gallium nitride is grown in a temp field at 400-600 deg.C and 1000-1800 Pa in the high-pressure 
reactor with liner of inertical material. Said temp field is provided by a temp control system. Its 
advantages include simple equipment, low cost, high output rate. The diameter of said monocrystal 
is greater than 20 microns and its length is mm class. 

Claim 1 . 

A hot liquid method of growing mono-crystal gallium nitride 
comprising the steps of : 

(1) putting all of the reactive high purity metal gallium (6), the 
ammonium halide salt (10), the high purity liquid ammonia (5), the 
autoclave (2) to which is attached the lining (8) inside thereof, the sealing 
stopper (1) and the sealing cap (3) into a vacuum glove compartment, 

then expelling air from the vacuum glove compartment until degree 
of vacuum becomes IO-2 torr and 

cooling the vacuum glove compartment lined by an inactive material 
previously by a liquid nitrogen, 

' (2) within the vacuum glove compartment, measuring out the high 
purity metal gallium (6) and the ammonium halide salt (10) by 8:2 - 9:1 
molar ratio, 

(3) filling the vacuum glove compartment with the high purity liquid 
ammonia (5) until effecting 65-90% fullness, 

(4) rapidly fixing the sealing stopper (1) and the sealing cap (3) on the 
autoclave (2) and tight fastening them leading to previously sealing so as all 
processes to be done rapidly, 

(5) further sealing the autoclave on the working bench for sealing. 



(6) taking out the autoclave which is fully sealed and putting the 



autoclave into the two-step type resistance furnace (4), wherein temperature 
is raised by 400-600^: by controlling heating through the thermo couple (7) 
and fluctuations in temperature gradient of the autoclave are controlled at 
20-150°C by temperature controlling system, 

(7) after keeping constant temperature during 3-6 days, obtaining 
the transparent and colorless hexagonal columnar 3deld (9) from the middle 
part or the upper part of the autoclave. 



Example 1 

The reactive high purity metal gallium 6, the ammonium chloride 
(NH4CI) having the purity for analytical use 10, 50ml of the high purity liquid 
ammonia 5 and the already cooled set of parts of the autoclave which has ^ 
15mm inner diameter and is lined with BN are put into a vacuum glove 
compartment, forming a vacuum in the vacuum glove compartment until 
degree of vacuum becomes IO-2 torr. Within the vacuum glove 
compartment, measuring out 3. 15g of the high purity metal gallium 6 and 
0.27g of NH4CI by 9:1 molar ratio, then put them into the autoclave 2 and 
add 40ml of the liquid ammonia 5 into the autoclave 2 effecting 65% fullness. 
The autoclave used here is previously cooled by liquid nitrogen for avoiding 
rapid vaporization of liquid ammonia 5. The sealing stopper 1 and the 
sealing cap 3 of the autoclave are rapidly fixed on the autoclave and tightly 
fastened lead to previously sealing. All processes should be done rapidly 
for avoiding dissipation by evaporating liquid ammonia 5 as far as possible. 
After taking out the attached autoclave and sealing the autoclave further on 
the working bench, the fully sealed autoclave is put into the two-step type 
resistance furnace 4, then temperature is raised until 400 °C and 
fluctuations in temperature gradient are not more than 100°C. After 
keeping constant temperature during 5 days, the transparent and colorless 
hexagonal columnar crystallization is obtained from the autoclave. The 
crystallization is mono-crystal GaN according to analysis of phase by X-ray. 
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[57]ffiC 

^i§:BJ«imSfnffi:trfP^i:l^ ( ms^^ 400 - eoo'c , m. 
1000 - 1800 B ) .^^^^.m^^mw^^Mit 

m^mn Ml'H^i'a^mi^l^ GaN #)|e^„ ^-fetB 




(1) (6) ^ ^itm.^ (10) . mtmu 
(5) ^prti$^!H!fw?tM (8) (2) R^^mm (1) . 

(3) ±mmAM^^mm^, ^^Hit^$^^m^nmK^mm 

(2) ^S^^^fi't, ^8: 2-9: iS^Jt^tb^^ii^^^^M^ (6) 
^P^ih^^k (10) : 

(3) ^ 65-90% ^ytrnmuxmrnmu (s) ; 

(4) ALBP^G^itS (1) m^mm (3) (2) ±, w 

(5) ^mix.i'f^±mMm^^i^m--^mt; 

(7) minm^'^m. 4oo-6oo°c, mmmuM^mi^m 
E.^[H±ymu^m>}^t^ 2o-i5o°c; 
(7) tiia 3~6 ^, um^mB.^^^^m±mmm^^mm^7^yj 

tt>bti^^ (9) c 

m^^f^mmnM. (s) Rriu^^> ^> i^. bn^ainc 

ffifilj^'HsM^k (10) of^^-NH^Ch NH4Br, NH4F^NH4lo 



GaN^tt^6tl^^»-i^#MM, 3.4eV, 

@HU^5^7{vffi MOCVD (metal organic chemical vapour deposition) 

(hydrogen carrier gas) ^H¥S^> M (NH3) -iT-lS— (bis- 
cyclopentadienyl magnesium) ^HW'^t^ B'^^HB.o ?t /I ?^ tin ^ ilj 
lOOO'C. '($±i^If.f4'n#^i^, ^?t/S^M±?]^^#^&t) GaN ?tMo 

H. Amano, et al. Jpn. J. Appl. Phys. Vol. 28 (1989) L2112)c AfJjJ^^U, 

^m^iE^xmrnn^^j^ o m^, oaN ^^m^mm^M 

'^^6tl S. Porowski I. Grzegoryz (3ti^ 2. J. Cr>'st. Growth 
Vol.l78(1997) p.174) ^ JP7 — f+^i^^^T , hk^mmJ± N2 6<] Ga 

yi^i^^s^j^^jt^ft GaN ^^B^yjm, 1400— 
i6oo°c 10—20 -f-Ec 3^##'^^^ijetixs^#, -M^§t:i:tP)?§ 
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300 - 4oo°c mm^umT^^i^juitm^^mi^ (xm 3. Ws^bit 

m, ^m^^^M^m, ^it-t 98125641.4)o 

f^±f5m GaN mmm\\im^^w^m^, ^nmmi'^^mmh^± 

^-^ GaN ^^B^i^mo 

i&^S^J R. Dwilinski ^AC^:^ 4. Acta Phys. Pol., A Vol.90(1996) 
763; Vol. 88(1995)833) ^ Ga ^Pv^ NH3 ^AWiii^F^g, ^ LiNHj ^ 
K 'ffritlfyfi^^r^T, ^^Sii^ 500°C m SKbar B^^-j^tH GaN„ 

A. p. Purdy (X1^5. Chem. Mater. Vol. 11(1999)1648) 
ffiNHj ^n^M Ga. :S'NH4l ^TilMi^mT , ^ lOOOOpsi 

500°c 6ti#:#T» ^^^l^Mii^^^m 4^un at}^;^ GaN m isli 

GaN #-b1» Purdy iE^NH^Br ^ NH4CI f'^r^Hi^flJ, m Gal NH3 
^^11J16^^#T^^ GaN m^Mo '(^^-fe^±i&<3#-H^HX^^^^^ (^^ 

^, {M^XMid^Jfci:*^f^GaN#-Blt^$4= ^-fe{±l6<jM^!t^Bl6t]«SA 

1. >i#m#-^^i3i6<]i$^^js^6^ ^^^^\o. n^m^5^^\Hm.mi' 

$4, ^> t2c> BN> AIN^, %J itW.U.syC-'^MMHit, 

2. ^SKS^SII^^. ^$8: 2-9: l6^^/rNtb?^4i5^^^jllf6^Pl^i-t 
E^fclO (^PNH^Cl, NH^Br, NH^F^NHJ) , f^.B^^Km&^Wl 
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3. ^ 65-90% ^ytmmmxMi^mw.5o 

mimm^B.^um. 4oo~6oo-c, mmi^uMm^Mm^p^±T 
m-^^-^^tfo 2o-i5o°c, jit^^r^^j^^s^^Bmmmmm^ti. 
7. m.^ 3-6 ^m^'^&^^^m^±mmm^^^m^7syji& 

°c, ffi;ti^iooo— 1800E), ^^i^m^^^f^^J:±^j^, Ri&^m 
mi ^^-^ GaN ^^a^^MS,)^^m^Mm, 

mi GaN ^rB^xMm^^mmm, 

ms ^^^mfi^ GaN ^^B^m^m)^, 

5 6 7 8 

9GaN#-H^B 10 [g'f-tS.^k 

^jf^'^0^^mm-m^±mm, ^m^m nh,ci 10, 50 m^&i] 

9: 1 *^bkf;5^l5^ 3A5^^^^^±mU6 ^ 0.27^ 
6^ NH4CI \0'^\-mB.^i^2^, 65% 6<]3^yiJS^iiJA?t^5 40S 

'^mttf-^m&^M\^B.^^mm-)^4p^9^um 5oo°c, ±Tum^ 
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ioo°Co tm 5 ^^mmB.^'pm^^^^m^T^-^^'^BB^' ^ x 

It^tltS^^^ GaN ^bIo 

^57^ 0 15min fi^J^fSMe^ t=>i^i5il^^S§P#S^A-*^¥«^1= , 

^simm. 4.17 :^e^^^^^ii^6^p 0.39 nr,¥ \om\mB.^m 
^, s 70% ^ytmmMAmms, y^j^mus^i^^MMHi^, i^mm 

=^S^4]H^'^^ 400 "C, ±Tia^^ 20*»Cc tliS 4 5^gPi£i^H^6<]± 

###-^R;Sfi<]i^^^M^6, ^:|ff^NH4Br 10, 
m^simm. 4.17 ^61l^^^jl^6^0 1.46 5^6^ NH^Br lO^A^^H^ 

#24', ^ 90% m%mmm\mm.s, ^j^mn^sr-WiMByA^, m 

lin^'i;i^4i*i5^}aM 6oo°c, ±T^aM^ i50°Co tii^ 4 ^ip^Siiiiiii 

w^0^ikM^%t^^m^6, ^m^^ NHj 10, mtWMsiixR 

0 15mm 6^]m AIN A-*^¥-S 
1 a^*^bbft^m 4.10 ^e^^ft^^^Mtf6^P 1.64 NHJ lO^Artiil 

^#2t. 70% ^%mm^\?^w.u.s, %j itmn.s^-'^nMH^, 



4 



Plj3nB'i:Mrt?t-iaM 450°C, ±TiaM^^ 75°Co tmia 6 ^BP^SiljidE^ 
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